Health behavior takes place within social contexts. In this study, we investigated whether changes in exposure to neighborhood deprivation and smoking prevalence and to household smoking were associated with change in personal smoking behavior. Three waves of biannual data collection (2004)(2005)(2006)(2007)(2008)(2009)) in a New Zealand longitudinal study, the Survey of Family, Income and Employment (SoFIE)-Health, were used, with 13,815 adults (persons aged ≥15 years) contributing to the analyses. Smoking status was dichotomized as current smoking versus never/ ex-smoking. Fixed-effects regression analyses removed time-invariant confounding and adjusted for time-varying covariates (neighborhood smoking prevalence and deprivation, household smoking, labor force status, income, household tenure, and family status). A between-wave decile increase in neighborhood deprivation was significantly associated with increased odds of smoking (odds ratio (OR) = 1.08, 95% confidence interval (CI): 1.02, 1.14), but a between-wave increase in neighborhood smoking prevalence was not (OR = 1.04, 95% CI: 0.98, 1.10). Changing household exposures between waves to live with another smoker (compared with a nonsmoker (referent)) increased the odds of smoking (OR = 2.48, 95% CI: 1.84, 3.34), as did changing to living in a sole-adult household (OR = 1.52, 95% CI: 1.07, 2.14). Tobacco control policies and programs should address the broader household and neighborhood circumstances within which individual smoking takes place.
Smoking is an individual activity occurring within a social context (1, 2) that contributes to illness and health inequalities (3, 4) . Increasing our understanding of significant pathways for smoking beyond individual-level factors is therefore critical for effective intervention (5) . Socioecological frameworks illustrate how the social determinants of health operate in multiple settings or environments (broadly referred to here as contexts) and have shifted thinking towards layered causal models of health (5, 6) . Accordingly, there is growing desire that smoking research and interventions be made more meaningful by incorporating context, or in Poland et al.'s terms, "the circumstances and events within which [smoking] takes place" (7, p. 59), including consideration of socioeconomic deprivation (8) (9) (10) , policies and regulations (11, 12) , and social factors such as norms within groups and society (2, 13) . While socioecological frameworks are commonly invoked, their inherent complexity has limited empirical testing. In this study, we brought together measures of deprivation and social factors at multiple levels in a single longitudinal study, allowing us to test their independent associations with individual-level smoking.
The normality of smoking or not smoking within social settings is thought to be one way in which context may influence individuals (14) , where they are exposed to the smoking behaviors and attitudes of others (15) . Along with smoking prevalence (16) , the acceptability of smoking within a neighborhood may also be important. Karasek et al. (17) and Blok et al. (18) observed that people who continued to reside in areas where smoking was less acceptable were more likely to quit smoking over time.
Smoking by significant others appears to be a major risk factor for smoking initiation (19) and cessation (20, 21) . Research on initiation of smoking in adolescence has demonstrated the impact of the smoking practices of parents, siblings, and peers (16, 22, 23) . Among adults, a social network analysis of smoking by Christakis and Fowler (24) found that quitting behaviors were clustered by social networks. Closer to home, household practices such as total smoking bans were found to be associated with increased quitting and reduction behaviors (25) . On the other hand, Graham and Der (26) reported that among disadvantaged women, partner smoking status was not associated with smoking once socioeconomic factors were accounted for, illustrating the need to consider social and socioeconomic factors together.
Deprivation, or socioeconomic hardship, has a wellestablished relationship with smoking. Along with individual and household hardship, greater neighborhood deprivation has an established association with smoking (10, 17, 27) ; but is it the deprivation of the neighborhood that causes smoking behavior, perhaps through stress and hardship (9) , or are other correlated neighborhood factors such as smoking prevalence also causal drivers? And how do individual and household factors contribute? On a practical level, how can we robustly explore these questions?
Longitudinal studies that follow people who change both their contextual exposure and their smoking behavior can improve internal validity, since they provide an opportunity to reduce the impact of important biases (28, 29) . For example, control for all time-invariant confounding (measured or unmeasured) and measured time-varying confounding is possible with such study designs. Thus, using repeated-measures data provides stronger evidence of causal effects than could be obtained in cross-sectional or cohort studies, where individuals do not change their exposure to smoking-related contexts.
Combining the above literatures, we hypothesize that exposure to deprivation and smoking prevalence within the neighborhood, household, and individual jointly contribute to individual smoking behavior. In this paper, we investigate whether changing exposure to neighborhood deprivation and background smoking is independently associated with change in personal smoking behavior. To do this, we capitalize on New Zealand's high residential mobility and use data from a recently completed large study of New Zealand adults with repeated measures on personal, household, and neighborhoodlevel deprivation, family status, and background smoking and with information on individual smoking behavior. Here, we test specific pathways by which contexts may influence smoking (5, 30) . Simplifying assumptions are required, which we have encoded in the directed acyclic graphs of Figures 1 and 2 , leading to 3 research questions:
1. Do deprivation and neighborhood smoking prevalence contribute independently to individual smoking? (See pathways A NZDep and A NAS in Figure 1 ; we assume that each potentially confounds the other due to the shared common cause "structural factors," necessitating mutual adjustment to answer this research question. Figure 2 ; that is, is there a direct effect of neighborhood environment on smoking, having blocked the pathway through household smoking?)
METHODS

Data
We used data from a longitudinal analysis of waves 3, 5, and 7 of a New Zealand study, the Survey of Families, Income and Employment (SoFIE). This nationally representative annual longitudinal survey of persons living in private households across New Zealand was conducted from 2002 to 2010 (SoFIE data waves 1-8) (31) . Information on individual and family factors, such as labor force status, education, marital status, and income, was obtained during annual face-toface interviews. Waves 3 (2004), 5 (2006) , and 7 (2008) of SoFIE included a health module (SoFIE-Health) with questions on health-related quality of life, mental health, chronic disease, and health behaviors, including smoking. The initial SoFIE sample comprised approximately 11,500 responding private households (response rate = 77%); over 22,000 adults ( persons aged ≥15 years) responded in wave 1, decreasing to about 19,000 in wave 3 (86% of wave 1) and 16,000 in wave 7 (73% of wave 1). Maximum follow-up time in this study over the course of waves 3-7 was 5 years.
The analysis sample was based on unbalanced longitudinal data-that is, information collected from persons who responded to at least 2 of waves 3, 5, and 7. Table 1 is based on wave 3 participants aged ≥15 years who had nonmissing data on the outcome and covariates in at least 2 waves (n = 13,815).
Ethics approval
Ethics approval for the SoFIE-Health module was obtained from the University of Otago Ethics Committee (University of Otago, Wellington, New Zealand).
Exposure measures
We measured socioeconomic and smoking exposures at the neighborhood, household, and individual levels.
Neighborhood deprivation. Neighborhood material deprivation was measured using the New Zealand Index of Deprivation 2001 (NZDep; www.otago.ac.nz/wellington/research/ hirp/otago020194.html). The index is developed from New Zealand census data on the proportions of 9 socioeconomic characteristics in aggregations of approximately 100 people (meshblocks). NZDep scores are grouped into deciles ranging from 1 (least deprived) to 10 (most deprived).
Neighborhood smoking. The proportions of adult smokers in small areas were determined using 2006 census data (note that smoking information was not collected in the 2001 census, but neighborhood ranking tends to remain stable). The resulting area proportions were ranked and then grouped into deciles. Each meshblock was assigned a decile ranking for neighborhood adult smoking (NAS), with decile 1 having the lowest proportion of current smokers and decile 10 the highest.
To aid readability, we modeled neighborhood measures in quintiles for descriptive analyses, but deciles were treated as a continuous variable in the regression analyses. Meshblock identifiers were assigned using individual address data in each wave by Statistics New Zealand, allowing linkage of neighborhood measures with individual observations. Household smoking. SoFIE-Health collects information from all adult participants living in the household, including smoking status. The data set contains a household identifier, allowing estimation of individual participant exposure to the household smoking practices of other participants living in the same household, over and above their own smoking a As per Statistics New Zealand confidentiality protocol, all numbers in the tables have been rounded (up or down) to the nearest multiple of 5, and cells with counts less than 10 were imputed with the value 10. Therefore, totals may differ from the sums of individual cells. Some percentages in the tables may also sum to more than 100.
status. Household smoking exposure was modeled as "neutral" (no other adults in the household), "protective" (living with adults who did not smoke), or "adverse" (living with at least 1 adult who smoked).
Potential confounding by time-varying individual deprivation factors included: annual personal income (New Zealand dollars), adjusted for inflation and log-transformed prior to modeling; labor force status (working, not working); and household tenure (homeowner, not homeowner). Non-timevarying confounders such as sex, ethnicity, and education were automatically controlled by the fixed-effects regression method (28) .
Outcome measures
Information on smoking status was obtained from SoFIEHealth module questions about smoking habits (32) . We classified smoking status as "current smoker" versus "not current smoker" (including both never smokers and ex-smokers).
Smoking status was based on responses to 2 questions. A person was classified as a regular current smoker if he or she responded "yes" to the question, "Do you regularly smoke 1 or more tobacco cigarettes a day?" If the person answered "no," they were then asked if they had "ever been a regular smoker of 1 or more cigarettes a day." If their response was "no," they were classified as a never smoker. All others were classified as ex-smokers (32) . Changing smoking status between waves to become a regular "current smoker" could therefore represent new initiation of smoking (among previous never smokers) or a relapse to smoking (among ex-smokers); and reporting being a "not current smoker" would represent a regular smoker who had quit since the previous SoFIE-Health data wave.
Statistical analysis
All analyses were conducted in an unbalanced sample of eligible respondents using the R environment for statistical computation, version 2.15.0 (R Foundation for Statistical Computing, Vienna, Austria; http://cran.rproject.org) in the Statistics New Zealand data laboratory. Percentages were calculated for movements between levels of neighborhood smoking, neighborhood deprivation, household smoking, and smoking status. Conditional logistic fixed-effects regression models were used to estimate the relationship between each of the exposure variables (NZDep, NAS, and household smoking) and smoking status, while adjusting for time (wave) and time-varying confounding factors. Model estimates were derived only from those people who changed both exposure and smoking status at some point between SoFIE-Health waves. A change in neighborhood status could occur if a participant moved to a neighborhood with a different decile ranking, whereas a change in household smoking status could occur if either the participant moved to a new household with different smoking practices or the participant remained in the same household but other household members changed their smoking status. Model estimates provide the relative odds of smoking in each wave and can also be useful for inferring what happens when people move from one environment to another between waves.
We conducted 3 sensitivity analyses to test the influence of life events leading to changes in family composition, significant health events, and transition to adulthood. Firstly, we included family status, defined on the basis of who the participant was living with at the time of survey (couple without child(ren), couple with child(ren), sole parent with child(ren), or not living in a family nucleus). Secondly, we examined the effect of changing health by adding a singleitem measure of self-reported health to the final model, but it was found to be statistically nonsignificant (results available from authors). Thirdly, in the final models we also stratified by age (<25 years, ≥25 years), since many life-course and smoking transitions occur in early adulthood (33) . Interaction terms for interactions between the neighborhood and household exposures and age were also added to the fully adjusted model.
RESULTS
One-fifth of the analysis sample participants reported being current smokers at baseline (Table 1) . Within the exposures of interest, the highest smoking levels were seen among persons who lived in the most deprived neighborhoods and the neighborhoods with the highest smoking prevalence, lived with other adult smokers, were currently employed, were in the middle quintile of personal income, were not a homeowner, and were in a single-parent household with children (Table 1) .
Approximately 80% of participants stayed in the same NZDep or NAS group across 2 SoFIE-Health study waves (Table 2 ). However, there was some mobility. For example, of all of the people in NAS quintile 1 at wave t, 15.4% had changed their NAS quintile by wave t + 2.
Household smoking transitions showed a more complicated pattern (Table 3) . Participants with a neutral exposure (not living with any other adults) were very likely to remain in that environment (93.9%), yet almost one-fifth (19%) of people living with other adult smokers (an adverse exposure) changed to a protective setting 2 waves later, and 11.3% changed to a neutral household exposure.
Among current smokers at wave t, about 13.6% had become ex-smokers by wave t + 2, and 5.3% of ex-smokers relapsed to smoking (Table 4) . There was more stability in never and ex-smoker status over time; by wave t + 2, only 1.8% of never smokers had become smokers.
Results from fixed-effects analyses are presented in Table 5 . Model 1 determined the baseline associations between each of the neighborhood and household smoking exposures and smoking, after accounting for individual deprivation only. We observed a 10% increase in the odds of being a current smoker following a decile increase in neighborhood deprivation, and an 8% increase in the odds for each decile increase between waves in neighborhood smoking. Estimates for changes in exposure to household smoking were considerably larger. Models 4a-4c show results from the sensitivity analyses. Model 4a introduced household-level family status, with no substantive impact on the neighborhood estimates for NAS or NZDep, but it reduced the estimate for exposure to a neutral household (no other adults) (model 4a: OR = 1.52, 95% CI: 1.07, 2.14). Models 4b and 4c included full adjustment and stratification by age group. For older participants, a change leading to living in an adverse household saw greatly increased odds of smoking relative to living in a protective household (model 4c: OR = 3.51, 95% CI: 2.42, 5.09), whereas the odds ratio was not significant for persons less than 25 years of age.
Finally, we restricted the population to participants who were current or ex-smokers in wave 3, to more explicitly capture quitting and relapse (compared with initiation). The results (available from the authors) were very similar to those of model 4c for persons aged 25 years or older, which is consistent with any changes in smoking in that age group being due to relapse and quitting rather than initiation.
DISCUSSION
We found that neighborhood and household contexts were associated with smoking status, in keeping with the multilayered socioecological framework. Neighborhood deprivation was more strongly associated with smoking behavior than was neighborhood smoking prevalencewhen both were jointly modeled and results were adjusted for known confounders. Each decile increase in neighborhood deprivation following a move was associated with 7% increased odds of being a smoker. Even after accounting for individual and neighborhood factors, changing between waves to a household with at least 1 smoker more than doubled the odds of becoming a smoker through initiation or relapse (OR = 2.48)-more so among adults aged ≥25 years (OR = 3.51). Background smoking within the household and neighborhood factors may make it considerably harder to remain a nonsmoker or to give up smoking.
Our study used comprehensive data and longitudinal methods to test key pathways within the socioecological framework. To our knowledge, this was the first longitudinal study to include Abbreviation: SoFIE, Survey of Families, Income and Employment. a There were some "nonsense" transitions. For example, a small percentage of both current and ex-smokers in wave 3 said they were never smokers (2.3% and 1.1%, respectively) in wave 7. However, this misclassification was not problematic in the main fixed-effects analyses (Table 5) , and the smoking variable was current smoking versus ex-and never smoking combined. a A model was also fitted for all data pooled, including interactions between age (dichotomous; <25 years at wave 5 vs. ≥25 years at wave 5) and all covariates. Statistically significant interactions were observed between age and wave (P < 0.0001), household smoking (P = 0.01), and (log) personal income (P = 0.007). (29) , although previous studies in New Zealand found that geographical proximity to tobacco outlets was not associated with smoking behaviors once area deprivation was accounted for (34) . Despite this, neighborhood remained as a relevant context in the fully adjusted models after we accounted for confounders and in further sensitivity tests for significant life events such as change in health. This therefore builds on findings from previous cross-sectional studies of multiple smoking contexts (16) and longitudinal studies of participants whose neighborhood exposures did not change over time (17, 27) . A key strength of this study was the longitudinal study design and fixed-effects analysis, meaning that the results were robust to adjustment for known measured time-varying confounding and all time-invariant confounding. However, a limitation with such a fixed-effects conditional analysis is that parameter estimates arise only from people who change their outcome and exposure, so that confidence intervals are wider than they would be for (say) a conventional mixed-effects model. Statistical precision was further challenged by our seeking to account for multiple contexts, particularly with regard to neighborhood estimates, which are typically relatively small (but nevertheless meaningful). To our mind, this was a price worth paying for considerably improved internal validity.
Another limitation was the potential selection bias due to attrition. However, this would only have occurred if the observed time-varying (from fixed-effects analyses) association of neighborhood deprivation and background smoking with individual smoking varied among the total eligible population. That is, it takes more than just socioeconomic variation in attrition rates to result in bias. While we cannot rule out such selection bias, it is difficult in our view to construct plausible scenarios whereby persons lost to follow-up had exposure-outcome associations sufficiently opposite of those observed here that in the truly eligible population there would be a null association.
Our findings reinforce those of previous studies showing that factors beyond the individual can substantially increase the risk of either taking up smoking or relapsing (8, 10, 16, 18, 24, 35) . One reason is that remaining or becoming a nonsmoker in high-smoking contexts requires that individuals manage the dissonance between them and their surroundings. This may partly explain differences in the household smoking-personal smoking association between age groups, where older adults are more likely to be in close relationships with household members than younger participants, who often live in nonfamily households. It may also help explain why the process of quitting can be distressing (36, 37) . Interventions supporting individuals may be more successful when a person's smoking environment can be taken into account, helping to reduce the psychological burden faced by smokers (36, 37) .
We included separate measures of social and deprivation factors in our analyses, meaning we could observe their individual contributions to smoking. While it did not include data on all 3 environmental exposures in our model, Christakis and Fowler's social network analysis (24) showed that smoking among close peer social networks was a more important determinant of an individual's smoking than was smoking among geographically proximal neighbors. However, the neighborhood could still play a role if where one lives is a factor in whom one becomes friends with (and potentially remains friends with after moving away). Put together, the 2 studies suggest that both peer networks and the broader context of smoking practices and socioeconomic hardship are important. Future research assessing exposure to networks and geography simultaneously can help us understand who might be most vulnerable to place effects and/or peer pressures.
Context matters. Neighborhood deprivation remained the persistent factor in our study, more so than the local smoking prevalence identified in other studies (16, 17) . At face value, it seems that socioeconomic hardship within the neighborhood context was the stronger factor. Yet smoking prevalence and deprivation are closely related, as are other potential determinants of smoking such as the distribution of tobacco outlets (34) . Given their correlation in New Zealand, contextbased tobacco control policy options will be important and should include smoke-free parks and playgrounds and workplace bans to help alter perceptions about smoking normality, as well as options to change the ease of smoking, such as limiting access to tobacco outlets (29) . Use of increased tobacco tax revenue to fund such interventions has high support among smokers across New Zealand (38) . At a population level, New Zealand research indicates that increased tobacco prices have a net beneficial effect for persons living in the most deprived 30% of neighborhoods (39) . Similarly, support for implementation of total smoking bans in households can increase awareness of smoking and secondhand smoke risks (40, 41) as well as support persons seeking to quit (25) . Such interventions can complement effective tobacco control interventions operating at the national population level (e.g., price and mass media) (42) (43) (44) .
More challenging is the fact that neighborhood deprivation remains a significant predictorof individual smoking behavior, even after controlling for individual deprivation and background smoking. If the remit of tobacco control does not extend to underlying socioeconomic determinants, then effective tobacco eradication measures must focus more intensely on deprived areas to overcome contextual inducements to initiate smoking and barriers to successful cessation. Strategies that combine changing smoking norms with radically and rapidly lowered smoking prevalence (e.g., major reductions in tobacco availability and supply) (45, 46) can make it easier for people to stay smoke-free and are justified to accelerate the end of the tobacco epidemic.
